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The image forming apparatus includes a developing unit that
is detachable and contains a developer, a detection member
that includes an electrode to be detected and is rotatable
around a rotation axis in the developing unit, an agitator that
moves around the rotation axis in the developing unit; an
electrostatic capacitance sensor electrode provided on an
exterior of the developing unit, an electrostatic capacitance
sensor that detects electrostatic capacitance between the elec-
trode to be detected and the electrostatic capacitance sensor
electrode, and outputs data on the detected electrostatic
capacitance, and a CPU that determines an amount of devel-
oper in the developing unit based on the data output from the
electrostatic capacitance sensor.
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TABLE T1
DETECTION LEVEL REMAINING
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135 100

137 9

138 80

144 70

155 60

172 50

188 40

213 30
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249 10
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1
IMAGE FORMING APPARATUS

TECHNICAL FIELD

The present invention relates to detection of a remaining
amount of toner as a developer in an electrophotographic
image forming apparatus such as a laser printer, a copier, or a
facsimile.

BACKGROUND ART

In an example of a conventional image forming apparatus,
an electrostatic capacitance detection apparatus detects a
remaining amount of toner in a toner container. For example,
in an apparatus for detecting a remaining amount of toner
described in PTL 1, a flexible member is fixedly connected to
one end of an agitation member for agitating a toner in a toner
container, a member to be detected is secured to a tip of the
flexible member, and an electrostatic capacitance detection
apparatus is placed in a lower part of the toner container. The
flexible member connected to the agitation member is rotated
with rotation of the agitation member and enters the toner. If
atoner surface in the toner container is higher than a connect-
ing position between the flexible member and the agitation
member, the flexible member enters the toner at a connecting
portion to the agitation member, the entire flexible member is
flexibly deformed, and rotated along the same trajectory as
the connecting portion in the toner. Thus, the member to be
detected at the tip of the flexible member is rotated along the
same trajectory as the flexible member. However, if an
amount of toner is reduced, and the toner surface is lower than
the connecting position between the flexible member and the
agitation member, and the connecting portion of the agitation
member does not enter the toner, the tip and therearound of
the flexible member slides on the toner surface, and the mem-
ber to be detected also slides on the toner surface. With
decreasing remaining amount of toner, a height of the toner
surface in the toner container is gradually reduced, and a
position of the member to be detected sliding on the toner
surface is also lowered. Specifically, when the amount of
toner is reduced to less than a certain amount, the position of
the member to be detected moving on the toner surface is
lowered according to the remaining amount of toner, and
brought close to a bottom surface of the toner container.

Meanwhile, the electrostatic capacitance detection appa-
ratus can detect electrostatic capacitance between the elec-
trostatic capacitance detection apparatus and the member to
be detected moving on the toner surface. The electrostatic
capacitance between the electrostatic capacitance detection
apparatus and the member to be detected changes depending
on a distance therebetween. The electrostatic capacitance
detection apparatus is placed in the lower part of the toner
container, and with decreasing amount of toner, the height of
the toner surface is gradually reduced, and the position of the
member to be detected on the toner surface is also lowered.
This reduces the distance between the electrostatic capaci-
tance detection apparatus and the member to be detected to
reduce the electrostatic capacitance therebetween. Specifi-
cally, the electrostatic capacitance between the electrostatic
capacitance detection apparatus and the member to be
detected changes depending on the remaining amount of
toner.

An example of an apparatus for detecting an amount of
toner in a developing unit uses a magnetic permeability sen-
sor. For example, PTL 1 is an example of an apparatus for
detecting an amount of toner using a magnetic permeability
sensor. PTL 2 discloses a toner amount detection apparatus
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using a first agitation blade that is flexible and may be
deformed rearward in a rotational direction by agitation of
toner, a second agitation blade that is rigid and placed on a
rear side in the rotational direction of'the first agitation blade,
and a magnetic permeability sensor placed on an outer side of
abottom of a developing unit. The apparatus detects a state of
rotation of a metal material placed on each agitation blade
using the magnetic permeability sensor placed on the outer
side of the bottom of the developing unit. This apparatus is
configured so that in the case with a large amount of toner in
the developing unit, the first agitation blade and the second
agitation blade are integrally rotated, and in the case with a
small amount of toner in the developing unit, the first agita-
tion blade and the second agitation blade are separately
rotated without being deformed. At this time, the magnetic
permeability sensor is used to detect once a change in the
magnetic permeability for one turn of the rotation axis in the
case with a large amount of toner in the developing unit, and
twice in the case with a small amount of toner in the devel-
oping unit. The toner amount detection apparatus detects the
amount of toner in the developing unit based on the change in
the number of times of detection.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent No. 4,137,703
PTL 2: Japanese Patent Application Laid-Open No. 2002-
132036

SUMMARY OF INVENTION
Technical Problem

However, the configuration of the conventional apparatus
for detecting a remaining amount of toner has problems
described below. As described in PTL 1, in the case with a
certain amount or more of toner, the connecting portion
between the flexible member and the agitation member enters
the toner, and the trajectories drawn by the flexible member
and the member to be detected are substantially the same.
Thus, in the case with a certain amount or more of toner, the
distance between the electrostatic capacitance detection
apparatus and the member to be detected hardly changes, thus
the detected electrostatic capacitance hardly changes, and a
remaining amount of toner cannot be sequentially accurately
detected.

PTL 1 has problems described below. In the case with a
large amount of toner, the first and second agitation blades are
integrally rotated, and thus a signal detected by the magnetic
permeability sensor indicates one change in the magnetic
permeability for one turn of the rotation axis. Meanwhile, in
the case with a small amount of toner, the first agitation blade
is hardly deformed, and the first and second agitation blades
are not integrally rotated. At this time, a signal detected by the
magnetic permeability sensor indicates two changes in mag-
netic permeability for one turn of the rotation axis. Thus,
whether the amount of toner is large or small or whether there
is atoner or not is alternatively detected by the number of (one
or two) magnetic field changes detected by the magnetic
permeability sensor. Thus, it is difficult to successively detect
the change in the amount of toner.

The present invention is achieved under such circum-
stances, and has an object to successively detect a remaining
amount with high accuracy irrespective of an amount of toner
with a simple configuration.
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Solution to Problem
Advantageous Effects of Invention

According to the present invention, a remaining amount
can be successively detected with high accuracy irrespective
of an amount of toner with a simple configuration.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a sectional view illustrating an entire configura-
tion of an image forming apparatus in Embodiments 1 to 3.

FIG. 2 is a sectional view of a developing unit and an
electrostatic capacitance sensor in Embodiments 1 to 3.

FIG. 3A is a perspective view of the developing unit, and
FIG. 3B is a view illustrating a circuit configuration of the
electrostatic capacitance sensor and therearound in Embodi-
ments 1 to 3.

FIGS. 4A, 4B and 4C illustrate operations of an agitator of
the developing unit and a detection member in Embodiments
1to 3.

FIGS.5A, 5B, 5C and 5D illustrate operations of the detec-
tion member in the case with a large amount of toner and the
case with a small amount of toner in Embodiment 1 to 3.

FIG. 6A is a characteristic graph and FIG. 6B is a table T
in Embodiment 1.

FIG. 7 is a flowchart illustrating a process sequence of
detection of a remaining amount of toner in Embodiment 1.

FIG. 8 is a graph illustrating changes in detection level of
the electrostatic capacitance sensor by free fall of the detec-
tion member in Embodiment 1.

FIG. 9A is a characteristic graph according to sensor sen-
sitivity and FIG. 9B are is a characteristic graph with sensor
sensitivity being changed depending on a remaining amount
of toner in Embodiment 2.

FIGS. 10A, 10B and 10C are characteristic tables accord-
ing to the sensor sensitivity in Embodiment 2.

FIG. 11 is a flowchart of a process sequence of detection of
a remaining amount of toner in Embodiment 2.

FIG. 12A is a characteristic graph and FIG. 12B is a table
T4 in Embodiment 3.

FIG. 13 is a flowchart of a process sequence of detection of
a remaining amount of toner in Embodiment 3.

FIG. 14A is a sectional view of a developing unit and FIG.
14B shows an electrostatic capacitance sensor board in
Embodiments 4 and 6.

FIG. 15 is a circuit diagram of detection of a remaining
amount of toner in Embodiments 4 to 7.

FIGS. 16A and 16B are sectional views of a developing
unit and an electrostatic capacitance sensor board in Embodi-
ment 4.

FIGS. 17A, 17B and 17C respectively show a characteris-
tic graph, a waveform, and a table T of detection of a remain-
ing amount of toner in Embodiments 4 and 5.

FIGS. 18A and 18B are flowcharts of detection of aremain-
ing amount of toner in Embodiments 4 and 5.

FIG. 19 is a sectional view of a developing unit and an
electrostatic capacitance sensor board in Embodiments 5 and
7.

FIGS. 20A, 20B and 20C respectively show a characteris-
tic graph, a waveform, and a table N of detection of a remain-
ing amount of toner in Embodiments 6 and 7.

FIGS. 21 A and 21B are flowcharts of detection of a remain-
ing amount of toner in Embodiments 6 and 7.
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4
DESCRIPTION OF EMBODIMENTS

Now, embodiments of the present invention will be
described in detail.
Embodiment 1

(Outline of Image Forming Apparatus)

FIG. 1 is a sectional view illustrating an entire configura-
tion of a color laser printer as an example of an image forming
apparatus of this embodiment. With reference to FIG. 1, a
configuration and a basic operation of the color laser printer
will be described. The color laser printer (hereinafter referred
to as a main body) illustrated in FIG. 1 includes process
cartridges 5Y, 5M, 5C and 5K detachable from a main body
101. The four process cartridges 5Y, 5M, 5C and 5K have the
same structure, but form images using toners (developers) of
different colors, that is, yellow (Y), magenta (M), cyan (C),
and black (K). Hereinafter, Y, M, C and K are sometimes
omitted. The process cartridge 5 includes three units: a devel-
oping unit, an image forming unit, and a waste toner unit. The
developing unit includes a developing roller 3, a toner supply
roller 12, a toner container 23, and an agitator 34. The image
forming unit includes a photosensitive drum 1 as an image
bearing member, and a charging roller 2. The waste toner unit
includes a cleaning blade 4, and a waste toner container 24.

A laser unit 7 is placed below the process cartridge 5, and
the laser unit 7 performs exposure on a photosensitive drum 1
based on image signals. The photosensitive drum 1 is charged
to a potential of a predetermined negative polarity by the
charging roller 2, and an electrostatic latent image is formed
by the laser unit 7. The electrostatic latent image is reversely
developed by the developing roller 3, and a toner of negative
polarity is attached to the image. On the photosensitive drums
1,Y, M, C and K toner images are formed respectively. An
intermediate transfer belt unit includes an intermediate trans-
fer belt 8, a driving roller 9, and a secondary transfer counter
roller 10. Inside the intermediate transfer belt 8, a primary
transfer roller 6 is provided to face each photosensitive drum
1, and a voltage applying unit (not shown) applies a transfer
bias (transfer voltage) to the primary transfer roller 6.

A toner image formed on the photosensitive drum 1 is
rotated in an arrow direction of the photosensitive drum 1, and
the intermediate transfer belt 8 is rotated in an arrow A direc-
tion. Further, the voltage applying unit (not shown) applies a
bias of positive polarity to the primary transfer roller 6, and
thus toner images on the photosensitive drums 1 are primarily
transferred onto the intermediate transfer belt 8 in order of'Y,
M, C and K, and conveyed to a secondary transfer roller 11
with the toner images of the four colors being overlapped. A
feeding and conveying apparatus includes a paper feed roller
14 that feeds a transfer material P from a paper feed cassette
13 housing the transfer material P, and a pair of conveying
rollers 15 that convey the fed transfer material P. The transfer
material P conveyed by the feeding and conveying apparatus
is conveyed to the secondary transfer roller 11 by the pair of
registration rollers 16.

For transfer of the toner image from the intermediate trans-
fer belt 8 to the transfer material P, a bias of positive polarity
is applied to the secondary transfer roller 11, and thus the
toner image on the intermediate transfer belt 8 is secondarily
transferred to the conveyed transfer material P. The transfer
material P to which the toner image is transferred is conveyed
to a fixing apparatus 17, heated and pressurized by a fixing
film 18 and a pressure roller 19, and discharged by a pair of
paper discharge rollers 20 with the toner image being fixed on
a surface of the transfer material P. Then, after the transfer to
the intermediate transfer belt 8, a toner remaining on the
surface of the photosensitive drum 1 is removed by the clean-
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ing blade 4, and the removed toner is collected in the waste
toner container 24. After the secondary transfer to the transfer
material P, the toner remaining on the intermediate transfer
belt 8 is removed by a transfer belt cleaning blade 21, and the
removed toner is collected in a waste toner container 22.

A one-chip microcomputer (hereinafter referred to as
CPU) 40 for controlling the main body, and a storage section
such as a RAM or a ROM that stores data in a table are
mounted on a control board 80. The CPU 40 collectively
controls operations of the main body such as control of'a drive
source (not shown) relating to conveyance of the transfer
material P, control ofa drive source (not shown) of the process
cartridge 5, control relating to image forming, and control
relating to failure detection. Further, the CPU 40 includes a
timer therein. The ROM of the storage section stores pro-
grams or various types of data for controlling an image form-
ing operation of the image forming apparatus. The RAM of
the storage section is used for calculation of data required for
controlling the image forming operation of the image forming
apparatus or temporary storing. The timer is used for measur-
ing time. A video controller 42 controls emission of a laser in
the laser unit based on image data. The video controller 42
also interfaces with a user via a control panel (not shown), and
the control panel displays a remaining amount of toner of
each color in a bar graph.

(Configuration of Developing Unit and Electrostatic
Capacitance Sensor)

FIG. 2 is a sectional view of a developing unit that consti-
tutes the process cartridge 5, and an electrostatic capacitance
sensor provided on a bottom surface of the developing unit.
The developing unit in the process cartridge 5 in FIG. 2
includes the developing roller 3, and the toner supply roller
12. Further, the toner container 23 contains a toner 28 corre-
sponding to each color, and an agitator 34 that agitates the
toner 28. The agitator 34 (second member) is configured so
that an agitation element is rotatable around a rotation axis 29
in the toner container 23, and the agitation element is moved
around the rotation axis 29 rotated by an unshown motor. As
the agitation element, for example, a general-purpose poly-
ester film can be used. A flexible detection member 351 (first
member) for detecting a remaining amount of toner 28 is
provided on the rotation axis 29, and is rotatable around the
rotation axis 29. Further, the detection member 351 includes
aconductive electrode to be detected 361 (first electrode) near
a tip in a circumferential direction.

An electrostatic capacitance sensor board 331 provided
near a bottom surface of the process cartridge 5 in FIG. 2 is
provided in the main body 101, and an electrostatic capaci-
tance sensor 33 and a peripheral circuit component (not
shown) of the electrostatic capacitance sensor 33 are mounted
on the electrostatic capacitance sensor board 331. The elec-
trostatic capacitance sensor 33 detects a change in the elec-
trostatic capacitance of an electrostatic capacitance sensor
electrode 321 using a difference between electrostatic capaci-
tance of the electrostatic capacitance sensor electrode 321
and electrostatic capacitance of a reference electrode 320.
The electrostatic capacitance sensor electrode 321 and the
reference electrode 320 are provided in a copper foil pattern
on the electrostatic capacitance sensor board 331. A bottom
surface of an exterior of the developing unit is brought close
to the electrostatic capacitance sensor electrode 321 (second
electrode) when the process cartridge 5 is mounted to the
main body 101. In this state, the electrostatic capacitance
sensor 33 detects electrostatic capacitance generated by the
electrode to be detected 361 provided on the detection mem-
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ber 351 being brought close to the electrostatic capacitance
sensor electrode 321.

FIG. 3A is a perspective view of the process cartridge 5.
The detection member 351 is rotatable around the rotation
axis 29. Thus, in the case where the agitator 34 is rotated in a
direction opposite to gravity (ascending direction), the detec-
tion member 351 is rotated with the agitator 34 while being
lifted by the agitator 34 together with the toner 28. On the
other hand, in the case where the agitator 34 is rotated in a
gravity direction (descending direction), the detection mem-
ber 351 freely falls in the gravity direction by its own weight
after fall of the toner 28 and before fall of the agitator 34. The
detection member 351 may be configured so as to fall on the
toner 28 after fall of the toner 28 agitated by the agitator 34,
and is not limited to the configuration in FIG. 3A.

The electrostatic capacitance sensor 33 and the peripheral
circuit may be those that can detect electrostatic capacitance,
and an analog integrated circuit may be used. In this embodi-
ment, the electrostatic capacitance sensor electrode 321 is
formed on the electrostatic capacitance sensor board 331
provided in the main body 101, but may be provided near the
bottom surface of the developing unit. For example, the elec-
trostatic capacitance sensor electrode 321 may be directly
formed on the bottom surface of the developing unit. In this
case, electrical contacts may be provided on the electrostatic
capacitance sensor board 331 and the electrostatic capaci-
tance sensor electrode 321, and the electrostatic capacitance
sensor board 331 and the electrostatic capacitance sensor
electrode 321 may be connected when the process cartridge 5
is mounted to the main body 101.

(Circuit Configuration of Electrostatic Capacitance Sen-
sor)

FIG. 3B illustrates a connection between the electrostatic
capacitance sensor 33, the CPU 40, the reference electrode
320, and the electrostatic capacitance sensor electrode 321. In
FIG. 3B, AVDD denotes an analogue power supply terminal
of'the electrostatic capacitance sensor 33, and DVDD denotes
adigital power supply terminal, and bypass capacitors 46 and
47 are provided to remove noise of the power supply termi-
nals. The reference electrode 320 is connected to an SREF
terminal, and the electrostatic capacitance sensor electrode
321 is connected to an SIN terminal. Data is transmitted and
received by serial communication between the CPU 40 and
the electrostatic capacitance sensor 33. From the CPU 40, a
clock signal for synchronizing communication is supplied to
aCL terminal of the electrostatic capacitance sensor 33. From
the electrostatic capacitance sensor 33, 8-bit detection data
corresponding to a detected electrostatic capacitance value is
output through an SD terminal to the CPU 40. On the other
hand, setting data for controlling the electrostatic capacitance
sensor 33 is input from the CPU 40 through the SD terminal
to the electrostatic capacitance sensor 33.

As described above, the electrostatic capacitance sensor 33
detects a difference between the electrostatic capacitance
between the electrode to be detected 361 and the electrostatic
capacitance sensor electrode 321 and the electrostatic capaci-
tance of the reference electrode 320 to detect a change in the
electrostatic capacitance of the electrostatic capacitance sen-
sor electrode 321. The electrostatic capacitance sensor 33
includes therein an amplification circuit that amplifies the
detected difference in electrostatic capacitance. The CPU 40
can set sensitivity of the electrostatic capacitance sensor 33
indicating an amplification factor of the amplification circuit
through serial communication to the electrostatic capacitance
sensor, and can set 92 stages of 1 to 92. When the sensitivity
of'the electrostatic capacitance sensor 33 is set to a high value,
92, a more minute change in the electrostatic capacitance can
be captured. Thus, even if the electrode to be detected 361 is
far from the electrostatic capacitance sensor electrode 321,
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the electrostatic capacitance can be detected. On the other
hand, when the sensitivity of the electrostatic capacitance
sensor 33 is set to a low value, 1, a change in the electrostatic
capacitance cannot be captured if the change is small. Thus, if
the electrode to be detected 361 is far from the electrostatic
capacitance sensor electrode 321, the change in the electro-
static capacitance cannot be detected. The electrostatic
capacitance sensor 33 in this embodiment includes a circuit
for adjusting the sensitivity. The electrostatic capacitance
sensor may have a configuration that can change the sensitiv-
ity in detection of the electrostatic capacitance between the
electrostatic capacitance sensor electrode 321 and the elec-
trode to be detected 361, and is not limited to the electrostatic
capacitance sensor used in this embodiment.

(Operations of Agitator and Detection Member)

FIGS. 4A, 4B and 4C illustrate operations of the agitator 34
and the detection member 351 that detect a remaining amount
of toner 28 in the toner container 23. FIG. 4A illustrates an
initial state of rotation in which a tip of the agitator 34 is
located at the highest point, and the detection member 351 is
rotatable around the rotation axis 29 and thus freely falls by its
own weight and rests on the toner 28. FIG. 4B illustrates the
agitator 34 being rotated together with the detection member
351. The rotation axis 29 is rotated from the state in FIG. 4A,
and thus the agitator 34 is rotated to abut against the detection
member 351 resting on the toner 28. The agitator 34 is rotated
upward with the detection member 351, and the toner 28 is
also pushed up by the detection member. The toner 28 has
fluidity, and thus starts falling by its own weight from the
agitator 34 to the bottom surface of the toner container 23
before the agitator 34 reaches the highest point, and is accu-
mulated on the bottom surface of the toner container 23. FIG.
4C illustrates the agitator 34 reaching the highest point. When
the agitator 34 together with the detection member 351
reaches the highest point, and further the rotation axis 29 is
rotated, the detection member 351 is separated from the agi-
tator 34 because of being rotatable around the rotation axis
29, and starts moving down (free fall) by its own weight to the
surface of the accumulated toner 28. On the other hand, the
agitator 34 is connected to the rotation axis 29, and thus
follows the detection member 351 and gradually moves down
with the rotation of the rotation axis 29.

FIGS. 5A to 5D illustrate states of the detection member
351 in the case with a large remaining amount of toner 28 and
the case with a small remaining amount of toner 28. FIGS. 5A
and 5B illustrate operation states of the detection member 351
when the remaining amount of toner 28 is relatively large,
FIG. 5A corresponds to the state in FIG. 4B, and FIG. 5B
corresponds to the state in F1G. 4A. Inthe state in FIG. 5A, the
agitator 34 abuts against the detection member 351 and
pushes up the toner 28 with rotation of the rotation axis 29.
The toner 28 has fluidity, and thus starts falling by its own
weight from the agitator 34 to the bottom surface of the toner
container 23 before the agitator 34 reaches the highest point,
and is accumulated on the bottom surface of the toner con-
tainer 23. Then, when the rotation axis 29 is rotated and the
agitator 34 reaches the highest point, the detection member
351 starts moving down by its own weight because of being
rotatable around the rotation axis 29. The detection member
351 falls after the toner 28 is accumulated on the bottom
surface of the toner container 23, and stops on the surface of
the toner 28. FIG. 5B illustrates the state of the detection
member 351 at that time. In the case with a large remaining
amount of toner 28, a height from the bottom surface of the
toner container 23 to the surface of the toner 28 is large, and
a stop position of the detection member 351 is at a height 901.
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FIGS. 5C and 5D illustrate operation states of the detection
member 351 in the case with a relatively small remaining
amount of toner 28. FIG. 5C corresponds to the state in FIG.
4B, and FIG. 5D corresponds to the state in FIG. 4A. In the
state in FIG. 5C, as described above, the agitator 34 abuts
against the detection member 351 and pushes up the toner 28
with rotation of the rotation axis 29. In the case with a small
remaining amount of toner 28, the toner starts falling from the
agitator 34 to the bottom surface of the toner container 23 at
later timing, that is, with the tip of the agitator 34 being at a
higher position than that in the case with a large remaining
amount of toner, and is accumulated on the bottom surface of
the toner container 23. Then, when the rotation axis 29 is
rotated, and the agitator 34 reaches the highest point, the
detection member 351 starts falling by its own weight
because of being rotatable around the rotation axis 29. The
detection member 351 falls after the toner 28 is accumulated
on the bottom surface of the toner container 23, and stops on
the surface of the toner 28. FIG. 5D illustrates the state of the
detection member 351 at that time. In the case with a small
remaining amount of toner 28, the height from the bottom
surface of the toner container 23 to the surface of the toner 28
is small, and a stop position of the detection member 351 is at
a height 902.

The height of the surface of the toner 28 accumulated on
the bottom surface of the toner container 23 changes accord-
ing to the remaining amount of toner 28 in the toner container
23, thus the detection member 351 falls by its own weight, and
there is a difference in height of the stop position. This causes
a difference in electrostatic capacitance between the elec-
trode to be detected 361 provided on the detection member
351 and the electrostatic capacitance sensor electrode 321.
The electrostatic capacitance sensor 33 detects the difference
in the electrostatic capacitance, the CPU 40 can detect a
distance between the detection member 351 and the electro-
static capacitance sensor electrode 321 by a detection level
from the electrostatic capacitance sensor 33, thereby allowing
the remaining amount of toner 28 to be calculated.

(Detection Characteristic of Detection of Remaining
Amount of Toner)

Next, with reference to FIGS. 6A and 6B, a detection
characteristic of the remaining amount of toner in this
embodiment will be described. In this embodiment, a detec-
tion level of the electrostatic capacitance sensor 33 is output
as 8-bit data to the CPU 40. In the description below, the
detection level is decimally expressed.

FIG. 6A is a characteristic graph illustrating a relationship
between the remaining amount of toner 28 in the toner con-
tainer 23 and the detection level of the electrostatic capaci-
tance sensor 33, the ordinate represents the detection level,
and the abscissa represents the remaining amount of
toner (%). The CPU 40 sets the sensitivity of the electrostatic
capacitance sensor 33 in FIG. 6A to 69 by serial communi-
cation. As illustrated in the characteristic graph in FIG. 6 A, in
this embodiment, when the remaining amount of toner 28 in
the toner container 23 is 100%, the detection level of the
electrostatic capacitance sensor 33 is 135. Meanwhile, when
the remaining amount of toner 28 is 0%, the detection level of
the electrostatic capacitance sensor 33 is 253.

FIG. 6B is a table T1 illustrating correspondence between
the detection level of the electrostatic capacitance sensor 33
and the remaining amount of toner (%) from the characteristic
graph in FIG. 6A. The remaining amount of toner 28 corre-
sponding to a detection level that is not specified in the table
T1 can be calculated by a linear interpolation of the known
remaining amount of toner 28 described in the table T1. Since
the measured detection level is a value in this embodiment,
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the measured detection level changes depending on measure-
ment conditions. The same applies to values in the table T1 for
determining the remaining amount of toner 28. Information in
the table T1 is previously written on the ROM of the storage
section or an ROM provided in the process cartridge 5 in a
factory and shipped. The information in the table T1 written
on the ROM provided in the cartridge 5 is read by the CPU 40
when the process cartridge 5 is mounted to the main body
101, and stored in the RAM of the storage section on the
control board 80. Also in Embodiments 2 and 3 described
later, the table information is recorded in the ROM or the
RAM of'the storage section by such a method. The method of
recording the table information in shipment described above
is an example, and not limited to this.

(Process Sequence of Detection of Remaining Amount of
Toner)

Next, with reference to a flowchart in FIG. 7, a process
sequence of detection of the remaining amount of toner in this
embodiment will be described. The processes in FIG. 7 are
performed by the CPU 40 based on a control program stored
in the ROM of'the storage section, and processes in flowcharts
in embodiments described later are also performed by the
CPU 40. It may be allowed that all the processes in the
flowchart are not performed by the CPU 40, but, for example,
in the case where an integrated circuit (ASIC) for character-
istic use is mounted in the image forming apparatus, the ASIC
has a function of performing any of the processes in the
flowchart.

In Step 101 (hereinafter referred to as S101), the CPU 40
rotates the agitator 34. In this embodiment, it takes about 1
second for the agitator 34 to rotate one turn. In S102, the CPU
40 performs serial communication with the electrostatic
capacitance sensor 33, and sets the sensitivity of the electro-
static capacitance sensor to 69. The CPU 40 resets and starts
the timer, and starts reading the detection level by the elec-
trostatic capacitance sensor 33.

In S103, the CPU 40 receives reading data of the detection
level from the electrostatic capacitance sensor 33 by serial
communication. In S104, the CPU 40 determines whether the
detection member 351 starts free fall by its own weight, from
the detection level according to the electrostatic capacitance
between the electrode to be detected 361 provided on the
detection member 351 and the electrostatic capacitance sen-
sor electrode 321. With reference to FIG. 8, changes in detec-
tion level of the electrostatic capacitance sensor 33 by free fall
of the detection member 351 by its own weight will be
described. FIG. 8 is a graph illustrating transition of the
detection level of the electrostatic capacitance sensor 33 with
time by free fall of the detection member 351, the ordinate
represents the detection level of the electrostatic capacitance
sensor, and the abscissa represents time (seconds). In FIG. 8,
t1 denotes timing when the agitator 34 is rotated to start
detection operation by the electrostatic capacitance sensor
33, and t2 denotes timing when the detection member 351
lifted to the highest point by the agitator 34 starts free fall by
its own weight. Until t2, the electrode to be detected 361
provided on the detection member 351 is away from the
electrostatic capacitance sensor electrode 321, and the detec-
tion level output from the electrostatic capacitance sensor 33
to the CPU 40 indicates a low level (10 or less). However,
when the detection member 351 starts free fall, the distance
between the electrode to be detected 361 and the electrostatic
capacitance sensor electrode 321 is rapidly reduced, and thus
the detection level output from the electrostatic capacitance
sensor 33 to the CPU 40 also increases. When the detection
member 351 falls on the toner 28 and stops, the distance
between the electrode to be detected 361 and the electrostatic
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capacitance sensor electrode 321 is constant, and the detec-
tion level of the electrostatic capacitance sensor 33 is also
stable at a constant value. In this embodiment, as indicated by
13 in FIG. 8, the CPU 40 sets an ascending flank threshold
value of the detection level indicating that the detection mem-
ber 351 starts free fall to 50. When timing (t3) of exceeding
the ascending flank threshold value from the low level (10 or
less) is detected, the CPU 40 detects that the detection mem-
ber 351 starts free fall by its own weight.

When the CPU 40 determines in S104 that the electrostatic
capacitance between the electrode to be detected 361 and the
electrostatic capacitance sensor electrode 321 is not a certain
value or more, and the ascending flank of the detection level
is not detected, the CPU 40 proceeds to S108. When the CPU
40 determines in S104 that the ascending flank of the detec-
tion level is detected, the process proceeds to S105. In S105,
the CPU 40 determines whether the detection member 351
that has started free fall falls on the toner 28 and stops on the
toner surface. In this embodiment, the CPU 40 determines
that the detection member 351 stops on the toner surface
when a variation of the detection level output from the elec-
trostatic capacitance sensor 33 is 2 or less for 0.05 seconds (50
msec) or more. Settings of a variation width and a time of the
detection level of the electrostatic capacitance sensor 33 for
detecting timing when the detection member 351 stops on the
toner surface change depending on a developing unit configu-
ration, an electrostatic capacitance sensor, and a peripheral
circuit, and are thus not limited to this. In S105, if the varia-
tion width of the detection level output from the electrostatic
capacitance sensor 33 to the CPU 40 is 2 or less for 0.05
seconds or more, the CPU 40 proceeds to S106, and if not, the
CPU 40 proceeds to S108.

In S108, the CPU 40 reads a timer value from a timer,
determines whether 2 seconds or more have passed since the
start of reading of the detection level by the electrostatic
capacitance sensor 33. When 2 seconds have not passed, the
CPU 40 returns to S103. When 2 seconds or more have
passed, the CPU 40 proceeds to S109. In S109, since the
detection level of the electrostatic capacitance sensor 33 does
not exceed the ascending flank threshold value by 2 seconds
or more, the CPU 40 determines an abnormality of the elec-
trostatic capacitance sensor 33, and notifies the video control-
ler 42.

In S106, the CPU 40 checks the detection level output from
the electrostatic capacitance sensor 33 in S103 against the
detection level in the table T1 stored in the ROM of the
storage section to calculate a corresponding remaining
amount of toner 28. In S107, the CPU 40 notifies the video
controller 42 of the remaining amount of toner 28 calculated
in S106.

As described above, according to this embodiment, a
remaining amount can be successively detected with high
accuracy irrespective of an amount of toner with a simple
configuration. In this embodiment, the electrostatic capaci-
tance between the electrode to be detected of the detection
member and the electrostatic capacitance sensor electrode
provided on the bottom surface of the developing unit is
detected to allow a remaining amount of toner corresponding
to the electrostatic capacitance to be calculated, thereby
allowing a remaining amount to be successively detected
from a full state to an empty state of toner.

Embodiment 2

In Embodiment 1, the electrostatic capacitance between
the electrode to be detected of the detection member and the
electrostatic capacitance sensor electrode on the bottom sur-
face of the developing unit is detected to calculate a remaining
amount of toner with constant sensitivity of the electrostatic
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capacitance sensor. In contrast to this, in this embodiment, an
example will be described in which sensitivity of an electro-
static capacitance sensor is changed depending on a remain-
ing amount of toner to further increase detection accuracy of
the remaining amount of toner as compared to Embodiment 1.
The configurations in FIGS. 1, 2, 3A and 3B described in
Embodiment 1, and the detection operations in FIGS. 4A to
4C, FIG. 5A to 5D are also applied in this embodiment. The
same components as in Embodiment 1 are denoted by the
same reference numerals, and descriptions thereof in this
embodiment will be omitted since the detailed descriptions
have been made in Embodiment 1.

(Detection Characteristic of Detection of Remaining
Amount of Toner)

FIG. 9A is a characteristic graph of a remaining amount of
toner 28 and a detection level of an electrostatic capacitance
sensor for each sensitivity set in an electrostatic capacitance
sensor 33, the ordinate represents the detection level and the
abscissa represents the remaining amount of toner (%). In
FIG. 9A, a graph plotted by a solid line represents character-
istics of the remaining amount of toner 28 and the detection
level of the electrostatic capacitance sensor 33 at sensitivity of
46, a graph plotted by a dash-double-dot line represents the
characteristics at sensitivity of 69, and a graph plotted by a
broken line represents the characteristics at sensitivity of 92.
From the characteristic graph at the sensitivity of 69 in FIG.
9A, it is found that in an area with the remaining amount of
toner 28 of 25% or less and an area with the remaining amount
of'toner 28 of 60% or more, the rate of change in the detection
level of the electrostatic capacitance sensor 33 with respect to
the change in the remaining amount of toner is low, and
determination of the remaining amount of toner with high
accuracy is difficult.

From the characteristic graph at the sensitivity of 92, the
rate of change in the detection level of the electrostatic capaci-
tance sensor 33 with respect to the change in the remaining
amount of toner is high in an area 903 with a large remaining
amount of toner 28 (remaining amount of toner 28 of 60% to
100%) as compared to the characteristic graph at the sensi-
tivity of 69. From the characteristic graph at the sensitivity of
46, the rate of change in the detection level of the electrostatic
capacitance sensor 33 with respect to the change in remaining
amount of toner is high in an area 904 with a small remaining
amount oftoner 28 (remaining amount of toner of 0% to 25%)
as compared to the characteristic graph at the sensitivity of 69.
Thus, higher sensitivity is set in the electrostatic capacitance
sensor 33 in the area 903 in FIG. 9A, and lower sensitivity is
set in the electrostatic capacitance sensor 33 in the area 904 to
detect the electrostatic capacitance. This can increase detec-
tion accuracy of the remaining amount of toner 28 as com-
pared to Embodiment 1.

FIG. 9B illustrates the characteristic graph in FIG. 9A
divided into areas according to the sensitivities set in detec-
tion of the electrostatic capacitance. In this embodiment, the
sensitivity set in the electrostatic capacitance sensor 33 is 46
in an area 905 with a remaining amount of toner of less than
25%, 69 in an area 906 with a remaining amount of toner of
25% to less than 60%, and 92 in an area 907 with a remaining
amount of toner of 60% or more. The sensitivity set according
to the remaining amount of toner changes depending on a
developing unit configuration, an electrostatic capacitance
sensor 33, and a peripheral circuit, and is not limited to the
values set in this embodiment.

Tables T1 to T3 in FIGS. 10A to 10C illustrate correspon-
dence between the detection level of the electrostatic capaci-
tance sensor 33 and the remaining amount of toner (%) from
the characteristic graph in FIG. 9A. The table T1 in FIG. 10A
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illustrates the characteristic graph at the sensitivity of 69, the
table T2 in FIG. 10B illustrates the characteristic graph at the
sensitivity of 46, and the table T3 in FIG. 10C illustrates the
characteristic graph at the sensitivity of 92. The remaining
amount of toner 28 corresponding to a detection level that is
not specified in the tables can be calculated by a linear inter-
polation of the known remaining amounts of toner 28
described in the table. Since the measured detection level is a
value in this embodiment, the measured detection level
changes depending on measurement conditions. The same
applies to values in the tables for determining the remaining
amount of toner 28.

(Process Sequence of Detection of Remaining Amount of
Toner)

Next, with reference to a flowchart in FIG. 11, a process
sequence of detection of the remaining amount of toner in this
embodiment will be described. The processes in S201 to
S205, S212, and S213 in FIG. 11 are the same as S101 to
S105, S108, and S109 in the flowchart in FIG. 7 in Embodi-
ment 1, and thus descriptions thereof will be omitted.

In S206, as described above, the CPU 40 determines the
remaining amount of toner at the sensitivity of 69 from the
detection level output from the electrostatic capacitance sen-
sor 33 in S203 in order to set the sensitivity of the electrostatic
capacitance sensor 33 according to the remaining amount of
toner 28. When the CPU 40 determines that the detection
levelis higher than 225, and the remaining amount of toner 28
at the sensitivity of 69 is less than 25%, the CPU 40 proceeds
to S207. In S207, the sensitivity of the electrostatic capaci-
tance sensor 33 is changed to 46, and the CPU 40 proceeds to
S210. When the CPU 40 determines in S206 that the detection
levelis 225 or less, the CPU 40 proceeds to S208, and in S208,
the CPU 40 determines whether the detection level is higher
than 155. When the detection level is higher than 155, the
remaining amount of toner 28 is 25% to less than 60%. Thus,
the CPU 40 keeps the sensitivity of the electrostatic capaci-
tance sensor 33 at 69 and does not change the sensitivity, and
the CPU 40 proceeds to S210. When the detection level is 155
or less, the CPU 40 determines that the remaining amount of
toner 28 is 60% or more, and the CPU 40 proceeds to S209. In
S209, the CPU 40 changes the sensitivity of the electrostatic
capacitance sensor 33 to 92, and proceeds to S210.

In S210, the CPU 40 again reads the detection level from
the electrostatic capacitance sensor 33 using the sensitivity
according to the remaining amount of toner 28 determined in
the processes in S206 to S209. The CPU 40 checks the read
detection level against the detection level in the table corre-
sponding to the sensitivity stored in the ROM of the storage
section to calculate a corresponding remaining amount of
toner 28. In S211, the CPU 40 notifies the video controller 42
of the remaining amount of toner 28 calculated in S210.

As described above, according to this embodiment, a
remaining amount can be successively detected with high
accuracy irrespective of an amount of toner with a simple
configuration. Specifically, the sensitivity of the electrostatic
capacitance sensor is changed depending on the remaining
amount of toner to calculate the remaining amount of toner
from the table corresponding to the sensitivity and the detec-
tion level from the electrostatic capacitance sensor. This can
further increase detection accuracy of the remaining amount
of'toner as compared to Embodiment 1.

Embodiment 3

In Embodiment 1, the electrostatic capacitance between
the electrode to be detected of the detection member and the
electrostatic capacitance sensor electrode on the bottom sur-
face of the developing unit is detected to calculate the remain-
ing amount of toner with constant sensitivity of the electro-
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static capacitance sensor. In Embodiment 2, the sensitivity of
the electrostatic capacitance sensor is changed depending on
the remaining amount of toner to increase the detection accu-
racy of the remaining amount of toner as compared to
Embodiment 1. In this embodiment, an example will be
described in which sensitivity of an electrostatic capacitance
sensor is swept with a detection member stopping on a toner
surface, and a remaining amount of toner is calculated from a
value of sensitivity when a target value and a measured value
of a detection level match to further increase detection accu-
racy of a remaining amount of toner. In Embodiments 1 and 2,
the remaining amount of toner is successively detected while
the agitator is being rotated. However, in this embodiment, it
takes time to sweep the sensitivity of the electrostatic capaci-
tance sensor, and thus rotation of an agitator is stopped with
the detection member stopping on the toner surface to detect
a remaining amount.

The configurations in FIGS. 1, 2 and 3A and 3B described
in Embodiment 1, and the detection operations in FIGS. 4A to
4C and 5A to 5D are also applied in this embodiment. The
same components as in Embodiment 1 are denoted by the
same reference numerals, and descriptions thereof in this
embodiment will be omitted since the detailed descriptions
have been made in Embodiment 1.

(Detection Characteristic of Detection of Remaining
Amount of Toner)

FIG.12A is a characteristic graph illustrating a relationship
between a remaining amount of toner 28 and sensitivity of an
electrostatic capacitance sensor at which a target value and a
measured value of the detection level of the electrostatic
capacitance sensor 33 match when the sensitivity is swept.
The ordinate represents sensitivity and the abscissa repre-
sents a remaining amount of toner (%). In this embodiment, a
target value of the detection level of the electrostatic capaci-
tance sensor 33 is set to 150. For example, a point 908 in F1G.
12A indicates that the sensitivity of the electrostatic capaci-
tance sensor 33 is swept at a remaining amount of toner 28 of
66%, and the sensitivity of the electrostatic capacitance sen-
sor is 69 when the detection level of the electrostatic capaci-
tance sensor reaches the target value 150. Points 909 and 910
are similar, the point 909 indicates that the sensitivity of the
electrostatic capacitance sensor 33 is 46 when the remaining
amount oftoner 28 is 35%, and the point 910 indicates that the
sensitivity of the electrostatic capacitance sensor 33 is 92
when the remaining amount of toner 28 is 100%. Thus, the
relationship between the remaining amount of toner and the
sensitivity of the electrostatic capacitance sensor when the
detection level of the electrostatic capacitance sensor 33 is
1501s plotted according to each remaining amount oftoner 28
to provide the characteristic graph in FIG. 12A. The charac-
teristic graph has linearity in the relationship between the
remaining amount of toner 28 and the detected sensitivity of
the electrostatic capacitance sensor 33. This allows the
remaining amount of toner to be successively detected with
higher accuracy than in Embodiments 1 and 2 from a full state
to an empty state of toner. The relationship among the target
value of the detection level of the electrostatic capacitance
sensor 33, the remaining amount of toner, and the sensitivity
used herein changes depending on a developing unit configu-
ration, an electrostatic capacitance sensor, and a peripheral
circuit, and is thus not limited to the values and the charac-
teristic graph described above.

FIG. 12B is a table T4 illustrating correspondence between
the sensitivity of the electrostatic capacitance sensor 33 and
the remaining amount of toner (%) from the characteristic
graph in FIG. 12A. A remaining amount of toner 28 corre-
sponding to sensitivity that is not specified in the table T4 can

20

30

40

45

50

14

be calculated by a linear interpolation of the known remaining
amounts of toner 28 described in the table T4. Since the
measured sensitivity of the electrostatic capacitance sensor
33 is a value in this embodiment, the measured sensitivity of
the electrostatic capacitance sensor changes depending on
conditions of the electrostatic capacitance sensor and the
peripheral circuit. The same applies to values in the table T4
for determining the remaining amount of toner 28.

(Process Sequence of Detection of Remaining Amount of
Toner)

Next, with reference to a flowchart in FIG. 13, a process
sequence of detection of the remaining amount of toner in this
embodiment will be described. The processes in S301 to
S304,S314 and S316 in FIG. 13 are the same as S101 to S105,
S108, and S109 in the flowchart in FIG. 7 in Embodiment 1,
and thus descriptions thereof will be omitted.

In S304, when the CPU 40 determines that an ascending
flank of the detection level is detected, the CPU 40 proceeds
t0 S305. In S305, the CPU 40 stops rotation of the agitator 34
before the agitator 34 is rotated to abut against the detection
member 351. The rotation of the agitator 34 is stopped
because it takes time for the CPU 40 to sweep the sensitivity
of'the electrostatic capacitance sensor 33 from 1 to 92 to read
the detection level of the electrostatic capacitance sensor with
the detection member 351 stopping on the toner surface of the
toner container 23. When the time for the CPU 40 to sweep
the sensitivity of the electrostatic capacitance sensor 33 to
read the detection level is shorter than a stopping time of the
detection member 351 on the toner surface, the remaining
amount of toner 28 may be detected while the agitator 34 is
being rotated.

In S306, the CPU 40 determines whether the detection
member 351 that has started free fall falls on the toner 28 and
stops on the toner surface. Also in this embodiment, as in
Embodiments 1 and 2, the CPU 40 determines that the detec-
tion member 351 stops on the toner surface when a variation
in the detection level output from the electrostatic capacitance
sensor 33 is 2 or less for 0.05 seconds (50 msec) or more.
Settings of a variation width and a time of the detection level
of'the electrostatic capacitance sensor 33 for detecting timing
when the detection member 351 stops on the toner surface
change depending on a developing unit configuration, an
electrostatic capacitance sensor, and a peripheral circuit, and
is thus not limited to this. If the variation width of the detec-
tion level output from the electrostatic capacitance sensor 33
to the CPU 40 is 2 or less for 0.05 seconds or more, the CPU
40 proceeds to S307, and if not, the CPU 40 proceeds to S315.
In S315, the CPU 40 reads a timer value from a timer, deter-
mines whether 2 seconds or more have passed since the start
of reading of the detection level by the electrostatic capaci-
tance sensor 33. When 2 seconds have not passed, the CPU 40
returns to S306. When 2 seconds or more have passed, the
CPU 40 proceeds to S316. In S316, since the detection level
of the electrostatic capacitance sensor 33 has not exceed the
ascending flank threshold value for 2 seconds or more, the
CPU 40 determines an abnormality of the electrostatic
capacitance sensor 33, and notifies a video controller 42.

In S307, the CPU 40 performs serial communication with
the electrostatic capacitance sensor 33, and sets the sensitivity
of the electrostatic capacitance sensor to 1 as an initial value
in order to sweep the sensitivity of the electrostatic capaci-
tance sensor 33 to continuously read the detection level of the
electrostatic capacitance sensor.

In S308, the CPU 40 determines whether the sensitivity set
in the electrostatic capacitance sensor 33 by serial communi-
cation is 92 or less. When the set sensitivity of the electro-
static capacitance sensor 33 is larger than 92, the CPU 40
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proceeds to S316, and in S316, the CPU 40 notifies the video
controller 42 of the abnormality of the electrostatic capaci-
tance sensor 33. When the sensitivity is 92 or less, the CPU 40
proceeds to S309. In S309, the CPU 40 again reads the detec-
tion level from the electrostatic capacitance sensor 33, and in
S310, the CPU 40 compares the detection level with the target
value 150. When the measured value and the target value of
the detection level of the electrostatic capacitance sensor 33
match, the CPU 40 proceeds to S312. When the measured
value and the target value of the detection level do not match
in S310, the CPU 40 proceeds to S311, performs serial com-
munication with the electrostatic capacitance sensor 33,
increases the sensitivity of the electrostatic capacitance sen-
sor 33 by one, and returns to S308.

In S312, the CPU 40 checks the value of the sensitivity of
the electrostatic capacitance sensor 33 set at that time against
the sensitivity in the table T4 stored in the ROM of the storage
section to calculate a corresponding remaining amount of
toner 28. In S313, the CPU 40 notifies the video controller 42
of the remaining amount of toner calculated in S312.

As described above, according to this embodiment, a
remaining amount can be successively detected with high
accuracy irrespective of an amount of toner with a simple
configuration. Specifically, the sensitivity of the electrostatic
capacitance sensor is swept with the detection member stop-
ping on the toner surface, and the remaining amount of toner
is calculated from the sensitivity when the target value and the
measured value of the detection level match to further
increase detection accuracy of the remaining amount of toner
as compared to Embodiments 1 and 2.

In Embodiments 1 to 3, checking of the detection level of
the electrostatic capacitance sensor obtained by one time
detection against the table is described for easy understand-
ing. However, it is expected that averaging data of a plurality
of times of detection and then checking the data against each
table further increases detection accuracy. In Embodiments 1
to 3, an example of the developing unit having an integral
configuration is taken. However, the present invention can be
applied to a supply toner container including a developing
roller and a toner container separately provided by providing
an electrode to be detected and a detection member in the
toner container.

Embodiment 4

A configuration of an image forming apparatus in this
embodiment is the same as in Embodiment 1 above, and
descriptions thereof will be omitted.

(Configuration of Developing Unit)

FIG. 14A is a sectional view of a developing unit and an
electrostatic capacitance sensor board 331B that constitute
the process cartridge 5. The developing unit of the process
cartridge 5 in FIG. 14 A includes a toner 28B corresponding to
each color in a toner container 23, and an agitator 34B that
agitates the toner 28B in the toner container 23. The agitator
34B (agitation member) is provided on a rotation axis 29B in
the toner container 23 and moved around. The rotation axis
29B includes a flexible detection member 351B (first mem-
ber) and a detection member 352 (second member) for detect-
ing a remaining amount of toner. The detection member 352B
is placed 90° (a predetermined angle) behind the detection
member 351B in a rotational direction. The angle is not lim-
ited to 90°. Specifically, the angle may be set so that there is
a difference between a time difference between detection of
the detection member 351B and detection of the detection
member 352B using an electrostatic capacitance sensor
IC33B described later, and a time difference between detec-
tion of the detection member 352B and detection of the detec-
tion member 351B using the electrostatic capacitance sensor
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IC33B. Details will be described in the process in the flow-
chart in FIGS. 6A and 6B described later. The angle may be
set so that the detection member 351B and the detection
member 352B do not come into contact with each other.

The detection members 351B and 352B are formed of
general-purpose polyester films. In this embodiment, the
detection members 351B and 352B have thickness of, for
example, 150 pm and 75 pm, respectively. A difference in
amount of deflection is achieved by the detection members
351B and 352B having different thicknesses. Thus, the detec-
tion member 352B has a larger amount of deflection than the
detection member 351B. For example, the detection member
352 may have a larger amount of deflection than the detection
member 351B such that the detection members 352B and
351B are formed of different materials and thus the detection
member 352B has a larger amount of deflection. Conductive
electrodes to be detected 361B (first electrode) and 362B
(second electrode) are provided near tips of the detection
members 351B and 352B in a circumferential direction (di-
rection perpendicular to the rotation axis).

The electrostatic capacitance sensor board 331B in FIG.
14A includes the following. The electrostatic capacitance
sensor board 331B provided in the main body 101 includes
the electrostatic capacitance sensor IC33B (output section)
and a peripheral circuit component (not shown) of the elec-
trostatic capacitance sensor IC33B. The electrostatic capaci-
tance sensor IC33B in this embodiment uses, for example, a
difference between electrostatic capacitance of an electro-
static capacitance sensor electrode and electrostatic capaci-
tance of a reference electrode to detect a change in the elec-
trostatic capacitance of the electrostatic capacitance sensor
electrode. On the electrostatic capacitance sensor board
331B, an electrostatic capacitance sensor electrode 321 (third
electrode) and a reference electrode 320B are formed in a
copper foil pattern. A bottom surface of an exterior of the
developing unit is brought close to the electrostatic capaci-
tance sensor electrode 321B when the process cartridge 5 is
mounted to the main body 101. In this state, the electrostatic
capacitance sensor IC33B detects the change in the electro-
static capacitance caused by the electrode to be detected 361B
or 362B provided on the detection member 351B or 352B
being brought close to the electrostatic capacitance sensor
electrode 321B. The electrostatic capacitance sensor IC33B
and the peripheral circuit may be those that can detect an
electrostatic capacitance, and an analogue integrated circuit
may be used. In this embodiment, the electrostatic capaci-
tance sensor electrode 321B is formed on the electrostatic
capacitance sensor board 331B provided in the main body
101B, but may be provided near a wall surface of the devel-
oping unit. For example, the electrostatic capacitance sensor
electrode 321B may be directly formed on the wall surface of
the developing unit. In this case, electrical contacts may be
provided on the electrostatic capacitance sensor board 331B
and the electrostatic capacitance sensor electrode 321B and
connected when the process cartridge 5 is mounted to the
main body 101.

FIG. 14B is a perspective view of a positional relationship
between the detection member 351B and the electrode to be
detected 361B. The same applies to the detection member
352B and the electrode to be detected 362B. A length of each
of'the electrode to be detected 361B and 362B in the circum-
ferential direction (direction perpendicular to the rotation
axis 29) is 30 mm. Lengths of the detection members 351B
and 352B and the electrodes to be detected 361B and 362B in
an axial direction of the rotation axis 29B (longitudinal direc-
tion) may be enough to cover at least a detection surface of the
electrostatic capacitance sensor IC33B. The circumferential
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length of the detection member 352B is longer than that of the
detection member 351B in this embodiment. The detection
member 351B has a circumferential length enough to come
into contact with a side wall surface of the toner container 23,
while the detection member 352B has a circumferential
length enough to come into contact with the bottom surface of
the process cartridge 5. The detection members 351B and
352B have lengths such that the agitators do not come into
contact with each other during agitation of the toner. The
agitator 34B has a length enough to sufficiently agitate the
toner in the process cartridge 5. The agitator 34B and the
detection member 352B are placed at an angle of about 180°
in FIG. 2A so that the toner is agitated by the agitator 34B, and
after the toner is stabilized to some extent, detection by the
detection member 352B is performed. Specifically, the agita-
tor 34B and the detection member 352B may be placed so that
the electrode to be detected 362B on the detection member
352B can be detected with the toner being stabilized to some
extent after agitation of the toner by the agitator 34B, and the
angle is not limited to 180°. The detection member 352B is
placed 90° behind the detection member 351 in the rotational
direction, and is more flexible than the detection member
351B, but the placement, the material, and the thickness are
not limited to these.

(Circuit Diagram of Detection of Remaining Amount of
Toner)

FIG. 15 is a circuit diagram of detection of a remaining
amount of toner in this embodiment. A bypass capacitor 46
removes noise of an analogue power supply terminal AVDD
of the electrostatic capacitance sensor IC33B. The bypass
capacitor 47 removes noise of a digital power supply terminal
DVDD of the electrostatic capacitance sensor IC33B. A ref-
erence electrode 320B is connected to an SREF terminal of
the electrostatic capacitance sensor IC33B, and the electro-
static capacitance sensor electrode 321B is connected to an
SIN terminal. The reference electrode 320B and the electro-
static capacitance sensor electrode 321B are provided in a
copper foil pattern having the same area. The electrostatic
capacitance sensor IC33B transmits and receives data to and
from the CPU 40 by serial communication. The CPU 40
outputs a clock signal for synchronizing communication to an
SCL terminal of the electrostatic capacitance sensor IC33B.
Meanwhile, the electrostatic capacitance sensor IC33B out-
puts 8-bit data (information on an electrostatic capacitance)
on the detection level corresponding to a detected electro-
static capacitance value via an SDA terminal to the CPU 40.
A detailed operation principle of the electrostatic capacitance
sensor IC33B is a known technique, and is thus omitted.

(Operation of Detection Member)

With reference to FIGS. 16A and 16B, operations will be
described of the detection members 351B and 352B in the
case with a relatively large remaining amount of toner and the
case with a relatively small amount of toner. When the detec-
tion members 351B and 352B are rotated, in the case with a
relatively large remaining amount of toner as shown in FIG.
16A, the detection members 351B and 352B receive resis-
tance of the toner and are deformed backward in the rotational
direction in the arrow direction in the drawing, and rotated
while being flexed. At this time, the amount of deflection of
the detection member 352B is larger than that of the detection
member 351B, and the detection member 352B is signifi-
cantly deformed rearward in the rotational direction. In this
state, a difference between a time when the detection member
351B reaches the detection surface of the electrostatic capaci-
tance sensor electrode 321 and a time when the detection
member 352 reaches the detection surface of the electrostatic
capacitance sensor electrode 321B (hereinafter referred to as
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time difference) is long. On the other hand, as shown in FIG.
16B, in the case with a relatively small remaining amount of
toner, the amount of deflection of the detection member 352B
is reduced more than that of the detection member 351B. This
reduces the time difference between when the detection mem-
ber 351B reaches the detection surface of the electrostatic
capacitance sensor electrode 321B and when the detection
member 352B reaches the detection surface of the electro-
static capacitance sensor electrode 321B. This principle is
used to detect the remaining amount of toner.

(Characteristic of Detection of Remaining Amount of
Toner)

With reference to FIGS. 17A, 17B and 17C, the detection
characteristic of the remaining amount of toner in this
embodiment will be described. As described above, the elec-
trostatic capacitance sensor IC33B outputs 8-bit data corre-
sponding to the detected electrostatic capacitance value to the
CPU 40. In this embodiment, the 8-bit data output to the CPU
40 by the electrostatic capacitance sensor IC33B is displayed
as a decimal detection level for description. FIG. 17A is a
characteristic graph of a remaining amount of toner (%) and
a time difference (millisecond) between the detection mem-
ber 351B and the detection member 352B detected by the
electrostatic capacitance sensor IC33B. As shown in FIGS.
4A to 4C, the time difference increases with increasing
remaining amount of toner, and decreases with decreasing
remaining amount of toner. Thus, the remaining amount of
toner can be detected by measuring the time difference. FI1G.
178 illustrates waveform data when the remaining amount of
toner is 65%, the abscissa represents time (msec), and the
ordinate represents the detection level of the electrostatic
capacitance sensor IC33B. It is found that the time difference
(msec) between the time of detection of the detection member
351 and the time of detection of the detection member 352B
is 390 msec.

FIG. 17C is a table T illustrating correspondence between
the time difference and the remaining amount of toner. A
remaining amount of toner between the values in the table is
calculated using a known linear interpolation. Since the mea-
sured time value is a value in this embodiment, the measured
time changes depending on conditions. The same applies to
values in the table T for determining the remaining amount of
toner. Information in the table T is previously written on an
ROM of a storage section or an ROM provided in the process
cartridge 5 in a factory and shipped. The information in the
table T written on the ROM provided in the process cartridge
5 is read by the CPU 40 when the process cartridge 5 is
mounted to the main body 101, and stored in a RAM of the
storage section on a control board 80. Also in Embodiments 5
and 6 described later, table information is recorded in an
ROM or an RAM of a storage section by such a method. The
method of recording the table information in shipment
described above is an example, and not limited to this.

(Flowchart of Detection of Remaining Amount of Toner)

With reference to flowcharts in FIGS. 18A and 18B, a
process of detection of the remaining amount of toner in this
embodiment will be described. The process in the flowchart is
performed by the CPU 40, and this applies to flowcharts in
embodiments described later. However, not limited to this, for
example, when an integrated circuit (ASIC) for characteristic
use is mounted in the image forming apparatus, the ASIC may
have a function of performing any of steps. In Step (herein-
after referred to as S) 101B, the CPU 40 rotates the detection
member 351B and the detection member 352B. In this
embodiment, it takes about 1 second for the detection mem-
bers to rotate one turn. In S102B, the CPU 40 performs serial
communication with the electrostatic capacitance sensor



US 9,086,651 B2

19
1C33B using the circuit in FIGS. 3A to 3C to start reading of
the detection level of the electrostatic capacitance sensor
1C33B. The CPU 40 resets a timer o (not shown) at the same
time as reading of the detection level and starts measurement
of time from the start of reading of the detection level of the
electrostatic capacitance sensor IC33B.

In S103B to S105B, the CPU 40 calculates an initial value
of the detection level of the electrostatic capacitance sensor
IC33B. First, in S103B, the CPU 40 sets a tentative initial
value of the detection level of the electrostatic capacitance
sensor IC33B. The CPU 40 starts reading (hereinafter also
referred to as monitor) of the detection level of the electro-
static capacitance sensor IC33B and then measures the detec-
tion level at a plurality of points, and stores the measured
plurality of pieces of data in a memory, for example, a RAM
(not shown). The CPU 40 calculates an average value of the
detection level of the electrostatic capacitance sensor IC33B
from the plurality of pieces of data stored in the memory, and
the average value is set as the tentative initial value. In this
embodiment, for example, ten-point measurement is per-
formed to calculate the average value. However, the average
value by the ten-point measurement is an example, and not
limited to this. The CPU 40 calculates the tentative initial
value, and resets a timer [} (not shown) and starts measure-
ment of time by the timer f3.

In S104B, the CPU 40 determines whether the tentative
initial value calculated in S103B is a reliable value, that is,
whether the tentative initial value is in a stable reference level
and is suitable as an initial value. Subsequent to S103B, the
CPU 40 monitors the detection level of the electrostatic
capacitance sensor IC33B. For example, the CPU 40 deter-
mines that the obtained detection level of the electrostatic
capacitance sensor IC33B is within a certain range and thus
the calculated tentative initial value is in a stable reference
level. In this embodiment, for example, a determination ref-
erence is set so that the monitored detection level of the
electrostatic capacitance sensor IC33B is within a range of
the tentative initial valuex10% for 0.3 seconds (sec) with
reference to the timer §. When the CPU 40 determines in
S104B that the monitored detection level of the electrostatic
capacitance sensor IC33B is within the range of the tentative
initial valuex10% for 0.3 seconds, in S105B, the CPU 40 sets
the tentative initial value calculated in S103B as the initial
value. The initial value set in S105B is used for calculating a
threshold value of a different timer described later.

On the other hand, when the CPU 40 determines in S104B
that the monitored detection level of the electrostatic capaci-
tance sensor IC33B is not within the range of tentative initial
valuex10% for 0.3 seconds, the CPU 40 determines an error
in S117B. In this embodiment, the CPU 40 determines an
error based on whether 2.0 seconds or more have passed since
the start of monitoring the detection level of the electrostatic
capacitance sensor IC33B, that is, since the start of reading
with reference to the timer o.. When the CPU 40 determines in
S117B that 2.0 seconds have not passed since the start of
reading of the detection level of the electrostatic capacitance
sensor IC33B, the CPU 40 resets the tentative initial value
calculated in S103B, performs the processes in S103B to
S105B, and again calculates the tentative initial value. Mean-
while, when the CPU 40 determines in S117B that 2.0 sec-
onds or more have passed since the start of reading of the
detection level of the electrostatic capacitance sensor IC33B,
the CPU 40 determines an abnormality in S118B, and notifies
the video controller 42.

Next, in S106B to S109B, the CPU 40 determines whether
the detection member 351B of the two detection members is
detected. This is because the table T for determining the
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remaining amount of toner is based on a time between detec-
tion of the detection member 351B and detection of the detec-
tion member 352. As a method of reliably detecting the detec-
tion member 351B, in one cycle of the detection member, a
time between detection of a first ascending flank threshold
value and detection of a second ascending flank threshold
value is compared with a time between detection of the sec-
ond ascending flank threshold value and detection of a third
ascending flank threshold value. In the configuration of this
embodiment, alonger time difference corresponds to the time
between detection of the detection member 352B and detec-
tion of the detection member 351B. The CPU 40 uses a timer
A (not shown) to measure the time between the ascending
flank threshold values, and compares the measured time with
a desired time to detect the detection member 351.

In S106B, the CPU 40 resets and then starts the timer A,
and starts measuring the time. In S107B, the CPU 40 detects
timing when electrostatic capacitance between the electrode
to be detected (361B or 362B) provided on the detection
member (351B or 352B) and the electrostatic capacitance
sensor electrode 321B starts changing to the ascending flank
threshold value or more. In this stage, the CPU 40 cannot
determine whether the detected timing is the detection mem-
ber 351B or the detection member 352B. In this embodiment,
the ascending flank threshold value of the detection level of
the electrostatic capacitance sensor IC33B is the initial value
determined in S105+30%. Timing when the detection level
exceeds the ascending flank threshold value is determined to
be timing when either of the detection members reaches the
detection surface of the electrostatic capacitance sensor elec-
trode 321B. When the CPU 40 determines in S107B that the
detection level of the electrostatic capacitance sensor IC33B
is the ascending flank threshold value (initial value+30%) or
more, the CPU 40 stops the timer A.

Meanwhile, when the CPU 40 determines in S107B that
the detection level of the electrostatic capacitance sensor
IC33B is less than the ascending flank threshold value, the
CPU 40 determines an error in S119B. In this embodiment,
the CPU 40 determines an error based on whether 2.0 seconds
or more have passed since the timer A starts. When the CPU
40 determines in S119B that 2.0 seconds or more have not
passed on the timer A, the CPU 40 returns to the process in
S107B, and starts monitoring the detection level of the elec-
trostatic capacitance sensor IC33B. Meanwhile, when the
CPU 40 determines in S107B that 2.0 seconds or more have
passed since the timer A starts, the CPU 40 proceeds to the
process in S120. In S120B, the CPU 40 determines an abnor-
mality such as non-detection of the electrode to be detected
361B, a failure of the electrostatic capacitance sensor IC33B,
or a communication error between the CPU 40 and the elec-
trostatic capacitance sensor IC33B, and notifies the video
controller 42.

In S108B, the CPU 40 determines whether the timing
detected in S107B is the timing when the detection member
351B reaches the detection surface of the electrostatic capaci-
tance sensor electrode 321B. The CPU 40 reads a value of the
stopped timer A, and determines whether the value of the
timer A is within a predetermined specified range. In this
embodiment, the specified range is, for example, 450 msec to
650 msec. For example, in the case of less than 450 msec, it
cannot be determined whether the electrostatic capacitance
sensor 1C33B detects the detection member 351B or the
detection member 352B. The predetermined specified range
(time) is a value or more obtained by dividing a placement
distance between the detection member 351B and the detec-
tion member 352B by a rotational speed of one turn, and
needs to be smaller than the time for one turn. When the CPU



US 9,086,651 B2

21

40 determines in S108B that the value of the timer A is within
a specified range, the CPU 40 determines that the detection
member 351B reaches the detection surface of the electro-
static capacitance sensor electrode 321B, that is, the detection
member 351B is detected.

Meanwhile, when the CPU 40 determines in S108B that
the value of the timer A is not within the specified range, the
CPU 40 determines that the detection member 351B cannot
be detected. In this case, the CPU 40 returns to the process in
S106B, resets the timer A, and starts monitoring the detection
level of the electrostatic capacitance sensor IC33B to again
detect the detection member 351B. In S109B, the CPU 40
starts a timer B from the timing when the electrostatic capaci-
tance between the electrode to be detected 361B on the detec-
tion member 351B and the electrostatic capacitance sensor
electrode 321B changes to the ascending flank threshold
value or more to start measurement of the time. The timer B
measures a time difference between the timing of detection of
the detection member 351B and the timing of detection of the
detection member 352B.

Then, in S110B and S111B, the CPU 40 detects passage of
the detection member 351B. In S110B, the CPU 40 detects
timing when the electrostatic capacitance between the elec-
trode to be detected 361B on the detection member 351B and
the electrostatic capacitance sensor electrode 321B changes
to a falling signal flank threshold value or less. In this embodi-
ment, for example, the falling signal flank threshold value of
the detection level is the initial value determined in S105B+
20%. Timing when the detection level is lower than the falling
signal flank threshold value is determined to be timing when
the detection member 351B passes on the detection surface of
the electrostatic capacitance sensor electrode 321B. When the
CPU 40 determines in S110B that the detection level of the
electrostatic capacitance sensor IC33B is not the falling sig-
nal flank threshold value (initial value+20%) or less, the CPU
40 determines an error in S121B. In this embodiment, when
the CPU 40 determines in S121B that 2.0 seconds have not
passed since the timer B starts, the CPU 40 returns to the
process in S110B, and continues monitoring the electrostatic
capacitance sensor IC33B. On the other hand, when the CPU
40 determines in S121B that 2.0 seconds or more have passed
since the timer B starts, the CPU 40 proceeds to the process in
S122B. In S122B, the CPU 40 determines an abnormality
such as a failure of the electrode to be detected 361B, a failure
of the electrostatic capacitance sensor IC33B, or a commu-
nication error between the CPU 40 and the electrostatic
capacitance sensor IC33B, and notifies the video controller
42. The ascending flank threshold value is the initial value+
30% and the falling signal flank threshold value is the initial
value+20% because of providing hysteresis to prevent false
operation by noise. In S111B, the CPU 40 detects that the
detection member 351B has passed on the detection surface
of the electrostatic capacitance sensor electrode 321B.

Then, in S112B and S113B, the CPU 40 detects timing
when the detection member 352B reaches the detection sur-
face of the electrostatic capacitance sensor electrode 321B. In
S112B, the CPU 40 detects timing when the electrostatic
capacitance between the electrode to be detected 362B on the
detection member 352B and the electrostatic capacitance sen-
sor electrode 321B changes to the ascending flank threshold
value or more. In this embodiment, the ascending flank
threshold value of the detection level is the initial value+30%.
Timing when the detection level is the ascending flank thresh-
old value or more is determined to be timing when the detec-
tion member 352B reaches the detection surface of the elec-
trostatic capacitance sensor electrode 321B. When the CPU
40 determines in S112B that the detection level of the elec-
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trostatic capacitance sensor IC33B is the ascending flank
threshold value or more, the CPU 40 proceeds to the process
in S113B. When the CPU 40 determines in S112B that the
detection level of the electrostatic capacitance sensor IC33B
is less than the ascending flank threshold value, the CPU 40
detects an error in S123B. The processes in S123B and S124B
are the same as the processes in S121B and S122B, and thus
descriptions thereof will be omitted. In S113B, the CPU 40
stops the timer B at timing when the electrostatic capacitance
between the electrode to be detected 361B on the detection
member 352B and the electrostatic capacitance sensor elec-
trode 321B changes to the ascending flank threshold value or
more.

In S114B, the CPU 40 reads the value of the timer B. In
S115B, the CPU 40 compares the timer B with the table T to
check the values. As shownin FIG. 17C, the table T represents
remaining amounts of toner (%) corresponding to time dif-
ferences (msec). For example, in FIG. 17B, the time differ-
ence is 390 msec, and it can be detected from the table T that
the remaining amount of toner is 60%. As described above,
the CPU 40 checks a value between the values in the table
against a value calculated by a linear interpolation based on
the table T to determine the remaining amount of toner. In
S116B, the CPU 40 notifies the video controller 42 of the
main body of the remaining amount of toner (%) determined
in S115B.

Rotating the detection member in the detection sequence of
the remaining amount of toner has been described, but the
remaining amount of toner can be detected if the detection
member is rotated such as during an image forming operation.
Before detection of the remaining amount of toner, the detec-
tion member may be rotated several times, and the detection
of the remaining amount of toner may be started after the
rotation state of the detection member is stabilized. Further, in
this embodiment, the remaining amount of toner is calculated
based on one measurement result (the value of the timer B in
S114B), but the remaining amount of toner may be deter-
mined from an average value of a plurality of measurements
to further increase the accuracy. The falling signal flank
threshold value, the ascending flank threshold value, the
value of the timer A, and the error determination time defined
herein are examples in this configuration. These values are
determined collectively in view of the placement of the detec-
tion members 351B and 352B, the rotational speed of the
detection member, the circuit constant, and the detection level
of'the electrostatic capacitance sensor, and thus not limited to
these.

In this embodiment, the sequence is exemplified of detect-
ing the detection member 351B and then detecting the detec-
tion member 352B in the processes in S106B to S109B.
However, the following method may be used. Three timings
when the detection level detected by the electrostatic capaci-
tance sensor IC33B changes to the ascending flank threshold
value or more are detected. A time difference between the first
timing and the second timing and a time difference between
the second timing and the third timing are calculated. In this
embodiment, a smaller value of the two time differences can
be determined to be a time difference between the detection
member 351B and the detection member 352B. The time
difference is checked with the table T to determine the
remaining amount of toner. This can simplify the sequence.

Also in this embodiment, the remaining amount of toner is
determined based on the difference between the time when
the electrostatic capacitance between the electrode to be
detected 361B provided on the detection member 351B and
the electrostatic capacitance sensor electrode 321B starts
changing to the ascending flank threshold value or more and
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the time when the electrostatic capacitance between the elec-
trode to be detected 362B provided on the detection member
352B and the electrostatic capacitance sensor electrode 321B
starts changing to the ascending flank threshold value or
more. However, the remaining amount of toner may be deter-
mined based on a difference between a time when the elec-
trostatic capacitance between the electrode to be detected
361B provided on the detection member 351B and the elec-
trostatic capacitance sensor electrode 321B starts changing to
the falling signal flank threshold value or less and a time when
the electrostatic capacitance between the electrode to be
detected 362B provided on the detection member 352B starts
changing to the falling signal flank threshold value or less.
The remaining amount of toner may be determined based on
a time between when the electrostatic capacitance between
the electrode to be detected 361B and the electrostatic capaci-
tance sensor electrode 321B starts changing to the ascending
flank threshold value or more and when the electrostatic
capacitance between the electrode to be detected 362B and
the electrostatic capacitance sensor electrode 321B starts
changing to the falling signal flank threshold value or less. As
a result, a time when the detection member 352B finishes
passing on the detection surface of the electrostatic capaci-
tance sensor electrode 321B can be considered, thereby
allowing the remaining amount of toner to be detected with
higher accuracy.

Further, in this embodiment, the electrode to be detected
361B provided on the detection member 351B is placed near
the tip of the detection member 351B in the circumferential
direction. However, the electrode to be detected 361B is
placed near the rotation axis 29B (on the side of the rotation
axis) to allow the detection member 351B to be detected at
regular intervals irrespective of the remaining amount of
toner with flexibility of the detection member 351B. A dif-
ference from the time detected by the detection member 352B
can be calculated to more accurately detect the amount of
deflection of the detection member 352B, thereby allowing
the remaining amount of toner to be detected with higher
accuracy.

As such, the remaining amount of toner is determined
based on the time difference between the timing when the
detection member 351B reaches the detection surface of the
electrostatic capacitance sensor electrode 321B and the tim-
ing when the detection member 352B reaches the detection
surface of the electrostatic capacitance sensor electrode
321B. This allows the remaining amount of toner to be suc-
cessively detected from a full state to an empty state of toner.
Since the electrostatic capacitance changes with approach of
the detection member, the electrostatic capacitance sensor
can simultaneously reduce the detection time and perform an
image forming operation. Further, the deflection of the detec-
tion member is stable according to the remaining amount of
toner even during high speed rotation, thereby allowing the
remaining amount of toner to be successively detected.

According to this embodiment, the remaining amount of
toner can be successively detected from a full state to an
empty state of toner, and the remaining amount of toner can
be detected with high accuracy even during high speed opera-
tion of the agitation member.

Embodiment 5

In Embodiment 4, the detection member 35B1 has flexibil-
ity, and is flexed by resistance of the toner 28B. In this
embodiment, an agitation rod 261B is provided, has high
rigidity, and has a function of agitating the toner 28B. A
configuration of an image forming apparatus in this embodi-
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ment is the same as the configuration described in Embodi-
ment 4 except a process cartridge 5, and thus descriptions
thereof will be omitted.

(Configuration of Process Cartridge)

With reference to FIG. 19, the process cartridge in this
embodiment will be described. FIG. 19 is a sectional view of
the process cartridge and an electrostatic capacitance sensor
board in this embodiment. A toner container 23 of the process
cartridge 5 in this embodiment includes a toner (not shown)
corresponding to each color, and the agitation rod 261B that
feeds the toner to a toner supply roller 12. The agitation rod
261B rotates around the rotation axis 29B and agitates the
toner. Another rotation axis 29B includes an agitation rod
261B and a detection member 352B for detecting a remaining
amount of toner. The agitation rod 261B has high rigidity, and
constantly rotates irrespective of resistance of the toner. The
detection member 352B is placed 90° behind the agitation rod
261B in a rotational direction and has flexibility. The agitation
rod 261B uses a conductive member. A conductive electrode
to be detected 362B is provided near the tip of the detection
member 352B in the circumferential direction.

An electrostatic capacitance sensor board 331B including
an electrostatic capacitance sensor IC33B that detects the
remaining amount of toner in the toner container 23 is pro-
vided near an outer wall of a developing unit in the circum-
ferential direction of the agitation rod 261B and the detection
member 352B. The electrostatic capacitance sensor electrode
321B is brought close to an exterior of the toner container 23
when the process cartridge 5 is mounted to the main body
101. In this state, the electrostatic capacitance sensor IC33B
detects electrostatic capacitance generated by the agitation
rod 261B or the electrode to be detected 362B provided in the
developing unit. A circuit diagram in this embodiment is the
same as in FIG. 15 described in Embodiment 1, and detailed
descriptions thereof will be omitted.

A flowchart and a detection characteristic are the same as in
FIGS. 17A, 17B, 17C, 18A and 18B in Embodiment 4. The
agitation rod 261B in this embodiment corresponds to the
detection member 351B and the electrode to be detected
361B in Embodiment 4. Thus, for example, the detection
member 351B in S109B in the flowchart in FIGS. 18A and
18B is read as the agitation rod 261B in this embodiment. The
agitation rod 261B has high rigidity, and constantly rotates
irrespective of resistance of the toner. Thus, the agitation rod
261B constantly rotates irrespective of the remaining amount
of'toner, and a time is detected by the electrostatic capacitance
sensor IC33B always at regular intervals. Thus, a difference
between time of detection of the agitation rod 261B and time
of detection of the detection member 352B can be calculated
to more accurately detect the amount of deflection of the
detection member 352B, thereby allowing the remaining
amount of toner to be detected with higher accuracy.

According to this embodiment, the remaining amount of
toner can be successively detected from a full state to an
empty state of toner, and the remaining amount of toner can
be detected with high accuracy even during high-speed opera-
tion of the agitation member.

Embodiment 6

In Embodiment 4, the remaining amount of toner is
detected by the time difference between the timings when the
electrostatic capacitance sensor IC33B detects the two detec-
tion members. In contrast to this, in this embodiment, a
change in electrostatic capacitance detected by an electro-
static capacitance sensor IC33B is detected to detect a
remaining amount of toner. First, a color laser printer of this
embodiment will be described. An image forming apparatus,
aprocess cartridge, and a circuit diagram in this embodiment
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are the same as the configurations described in Embodiment
4 and illustrated in FIGS. 14A, 14B and 15, and detailed
descriptions thereof will be omitted.

(Characteristic of Detection of Remaining Amount of
Toner)

With reference to FIGS. 20A, 20B and 20C, a detection
characteristic of the remaining amount of toner in this
embodiment will be described. FIG. 20A is a characteristic
graph representing a remaining amount of toner (%) and a
difference between detection levels of a detection member
351B and a detection member 352B detected by the electro-
static capacitance sensor IC33B. The detection level differ-
ence decreases with increasing remaining amount of toner,
and the detection level difference increases with decreasing
remaining amount of toner. Thus, the detection level differ-
ence can be calculated to detect the remaining amount of
toner. FIG. 20B illustrates waveform data when the remaining
amount of toner is 10%. In this embodiment, the electrostatic
capacitance sensor IC33B calculates an average value of
detection levels of detection of an electrode to be detected
361B provided on the detection member 351B and an elec-
trode to be detected 362B provided on the detection member
352B. The remaining amount of toner is determined using a
difference between average values of the calculated detection
levels (that is, detection level difference). In FIG. 20B, it is
found that an average value A of detection levels of the detec-
tion member 351B is 195, an average value B of detection
levels of the detection member 352B is 210, and a difference
between the average values of the detection levels, that is, a
detection level difference is 15. FIG. 20C is a table N repre-
senting correspondence between the detection level differ-
ence and the remaining amount of toner. A remaining amount
of toner between the values in the table is calculated using a
known linear interpolation. Since the calculated detection
level value is a value in this embodiment, the calculated value
of the detection level difference changes depending on con-
ditions. The same applies to values in the table for determin-
ing the remaining amount of toner.

(Flowchart of Detection of Remaining Amount of Toner)

With reference to the flowchart in FIGS. 21A and 21B, a
sequence of detecting the remaining amount of toner in this
embodiment will be described. S201B to S205B, S215B and
S216B are the same as S101B to S105B, S117B and S118B in
FIGS. 6A and 6B in Embodiment 4, and thus descriptions
thereof will be omitted. In S206, the CPU 40 detects the
detection member 351B or the detection member 352B. In
S206B, the CPU 40 detects timing when a detection level of
electrostatic capacitance between the electrode to be detected
361B on the detection member 351B or the electrode to be
detected 362B on the detection member 352B and the elec-
trostatic capacitance sensor electrode 321B starts changing to
an ascending flank threshold value or more. In this embodi-
ment, the ascending flank threshold value of the detection
level is an initial value determined in S205B+30%. Timing
when the detection level is the ascending flank threshold
value or more is determined to be timing when the detection
member 351B or the detection member 352B reaches a detec-
tion surface of the electrostatic capacitance sensor electrode
321B. When the CPU 40 determines in S206B that the detec-
tion level of the electrostatic capacitance sensor IC33B is the
ascending flank threshold value or more, the CPU 40 pro-
ceeds to the process in S207B. Meanwhile, when the CPU 40
determines in S206B that the detection level of the electro-
static capacitance sensor IC33B is less than the ascending
flank threshold value, the CPU 40 determines an error in
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S217B. The processes in S217B and S218B are the same as
the processes in S215B and S216B, and thus descriptions
thereof will be omitted.

Next, in S207B and S208B, the CPU 40 calculates the
average value of the detection levels of the detection member
351B or the detection member 352B and detects passage of
the detection member 351B or the detection member 352B. In
S207B, the CPU 40 measures the monitored detection level of
the electrostatic capacitance sensor IC33B at a plurality of
points, and stored in, for example, a memory (not shown). At
this time, the CPU 40 stores the number of pieces of obtained
measurement data in the memory, and calculates an average
value A from the plurality of pieces of measurement data and
the number of pieces of measurement data. In S208B, the
CPU 40 detects timing when the detection level of the elec-
trostatic capacitance between the electrode to be detected
361B on the detection member 351B or the electrode to be
detected 362B on the detection member 352B and the elec-
trostatic capacitance sensor electrode 321B changes to the
falling signal flank threshold value or less. In this embodi-
ment, the falling signal flank threshold value of the detection
level of the electrostatic capacitance sensor IC33B is the
initial value determined in S205B+20%. The CPU 40 deter-
mines that timing when the detection level of the electrostatic
capacitance sensor IC33B is the falling signal flank threshold
value or less is timing when the detection member 351B or the
detection member 352B passes on the detection surface of the
electrostatic capacitance sensor electrode 321B. When the
CPU 40 determines in S208B that the detection level of the
electrostatic capacitance sensor IC33B is the falling signal
flank threshold value or less, monitoring is finished, the aver-
age value A is determined, and the CPU 40 proceeds to the
process in S209B. When the CPU 40 determines in S208B
that the detection level of the electrostatic capacitance sensor
IC33B is not the falling signal flank threshold value or less,
the CPU 40 determines an error in S219B. The processes in
S219B and S220B are the same as the processes in S215B and
S216B, and thus descriptions thereof will be omitted. Settings
of the ascending flank threshold value and the falling signal
flank threshold value are the same as in Embodiment 4, and a
description thereof will be omitted.

Next, in S209B, the detection member 352B or the detec-
tion member 351B is detected. If the detection member 351B
is detected in S206B, the detection member 352B is detected
in S209B, and if the detection member 352B is detected in
S206B, the detection member 351B is detected in S209B. In
S209B, the CPU 40 determines whether the detection level of
the electrostatic capacitance between the electrode to be
detected 362B on the detection member 352B or the electrode
to be detected 361B on the detection member 351B and the
electrostatic capacitance sensor electrode 321B is the ascend-
ing flank threshold value or more. In this embodiment, the
ascending flank threshold value of the detection level is the
initial value determined in S205B+30%. The CPU 40 deter-
mines that timing when the detection level exceeds the
ascending flank threshold value is timing when the detection
member 352B or the detection member 351B reaches the
detection surface of the electrostatic capacitance sensor elec-
trode 321B. When the CPU 40 determines in S209B that the
detection level of the electrostatic capacitance sensor IC33B
is the ascending flank threshold value or more, the CPU 40
proceeds to the process in S210B. Meanwhile, when the CPU
40 determines in S209B that the detection level of the elec-
trostatic capacitance sensor IC33B is not the ascending flank
threshold value or more, the CPU 40 proceeds to the process
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in S221B. The processes in S221B and S222B are the same as
the processes in S215B and S216B, and thus descriptions
thereof will be omitted.

Next, in S210B and S211B, the CPU 40B calculates the
average value of the detection levels of the detection member
352B or the detection member 351B and detects passage of
the detection member 352B or the detection member 352B. In
S210B, the CPU 40 measures the monitored detection level of
the electrostatic capacitance sensor IC33B at a plurality of
points, and stored in, for example, a memory (not shown). At
this time, the CPU 40 stores the number of obtained measure-
ment data in the memory, and calculates an average value B
from the plurality of pieces of measurement data and the
number of pieces of measurement data. In S211B, the CPU 40
determines whether the detection level of the electrostatic
capacitance between the electrode to be detected 362B on the
detection member 352B or the electrode to be detected 361B
on the detection member 351B and the electrostatic capaci-
tance sensor electrode 321B is the falling signal flank thresh-
old value or less. In this embodiment, the falling signal flank
threshold value of the detection level of the electrostatic
capacitance sensor IC33B is the initial value+20%. Timing
when the detection level is lower than the falling signal flank
threshold value is determined to be timing when the detection
member 352B or the detection member 351B passes on the
detection surface of the electrostatic capacitance sensor elec-
trode 321B. When the CPU 40 determines in S211B that the
detection level of the electrostatic capacitance sensor IC33B
is the falling signal flank threshold value or less, monitoring
of the detection level of the electrostatic capacitance sensor
IC33B is finished, the average value B is determined, and the
CPU 40 proceeds to the process in S212B. When the CPU 40
determines in S211B that the detection level of the electro-
static capacitance sensor IC33B is not the falling signal flank
threshold value or less, the CPU 40 determines an error in
S223B. The processes in S223B and S224B are the same as
the processes in S215B and S216B, and thus descriptions
thereof will be omitted. Settings of the ascending flank
threshold value and the falling signal flank threshold value are
the same as in Embodiment 4, and a description thereof will
be omitted.

In S212B, the CPU 40 calculates a detection level differ-
ence between the detection members from the average value
A calculated in S207B and the average value B calculated in
S210B. In this embodiment, an absolute value of a difference
between the average value A and the average value B is
calculated. For example, in FIG. 20B, the average value
A-—the average value B=195-210, and the absolute value is 15.
In S213B, the CPU 40 checks the detection level difference
calculated in S212B against a table N. The table N represents
remaining amounts of toner corresponding to detection level
differences, for example, as shown in FIG. 20C. The CPU 40
checks the value against the table N to determine the remain-
ing amount of toner. For example, in FIG. 20B, the absolute
value of the detection level difference is 15, and it is found
from the table N in FIG. 20C that the remaining amount of
toner is 10%. As described above, a value between the values
inthetable N is calculated using a known linear interpolation.
In S214B, the CPU 40 notifies the video controller 42 of the
determined remaining amount of toner.

As such, in this embodiment, the remaining amount of
toner is determined based on the difference between the
detection level of the electrostatic capacitance between the
electrode to be detected 361B provided on the detection mem-
ber 351B and the electrostatic capacitance sensor electrode
321B and the detection level of the electrostatic capacitance
between the electrode to be detected 362B provided on the

20

25

30

35

40

45

60

28

detection member 352B and the electrostatic capacitance sen-
sor electrode 321B. This allows the remaining amount of
toner to be successively detected from a full state to an empty
state of toner. Since the detection level of the electrostatic
capacitance changes with approach of the detection member,
the electrostatic capacitance sensor IC can simultaneously
reduce the detection time and perform an image forming
operation. Further, the deflection of the detection member is
stable according to the remaining amount of toner even dur-
ing high speed rotation, thereby allowing the remaining
amount of toner to be successively detected.

According to this embodiment, the remaining amount of
toner can be successively detected from a full state to an
empty state of toner, and the remaining amount of toner can
be detected with high accuracy even during high speed opera-
tion of the agitation member.

Embodiment 7

In Embodiment 6, the detection member 351B has flexibil-
ity, and is flexed by resistance of a toner. In this embodiment,
an agitation rod 261B is provided, the agitation rod 261B
corresponds to the detection member 351B, has high rigidity,
and has a function of agitating toner. A configuration of an
image forming apparatus in this embodiment is the same as
the configuration described in Embodiment 4 except a pro-
cess cartridge 5, and thus a description thereof will be omit-
ted. In this embodiment, the process cartridge in FIG. 19 in
Embodiment 5 is used, and a sequence of detection of a
remaining amount of toner is as in a flowchart in FIGS. 21A
and 21B. In the description of the flowchart in FIGS. 21A and
21B, the detection member 351B is read as the agitation rod
261B. A detection characteristic is the same as in FIGS. 20A
to 20C described in Embodiment 6. The agitation rod 261B
has high rigidity, and constantly rotates irrespective of resis-
tance of the toner. Thus, the agitation rod 261B constantly
rotates irrespective of the remaining amount of toner, and a
detection level detected by an electrostatic capacitance sensor
IC33B is constant. Thus, a difference between detection lev-
els of detection by the agitation rod 261B and the detection
member 352B can be calculated to more accurately detect the
detection level difference by deflection of the detection mem-
ber 352B, thereby allowing the remaining amount of toner to
be detected with higher accuracy.

According to this embodiment, the remaining amount of
toner can be successively detected from a full state to an
empty state of toner, and the remaining amount of toner can
be detected with high accuracy even during high speed opera-
tion of the agitation member.

Other Embodiments

In Embodiments 4 to 7, the description is made that the
table is referred to in one time detection for simplicity of
understanding. However, it can be expected that averaging a
plurality of pieces of data and then referring to each table
further increases detection accuracy.

In Embodiments 4 to 7, the configuration in which the two
detection members are placed in the developing unit is
described. However, placing three or more detection mem-
bers allows the remaining amount of toner to be detected with
higher accuracy.

In Embodiments 4 to 7, the example of the developing unit
having the integral configuration is taken. However, the
present invention can be applied to a supply toner container
including a developing roller and a toner container separately
provided, by providing an electrode to be detected and a
detection member in the toner container.

Also according to the other embodiments, the remaining
amount of toner can be successively detected from a full state
to an empty state of toner, and the remaining amount of toner
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can be detected with high accuracy even during high speed
operation of the agitation member.

The present invention is not limited to the above embodi-
ments, but various changes or modifications may be made
without departing from the spirit and the scope of the present
invention. Thus, claims are appended for making the scope of
the present invention public.

Reference Signs List

321 electrostatic capacitance sensor electrode
33 electrostatic capacitance sensor

34 agitator

351 detection member

361 electrode to be detected

401 one-chip microcomputer (CPU)

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-084508, filed Apr. 6, 2011, and Japa-
nese Patent Application No. 2011-093147, filed Apr. 19,
2011, which are hereby incorporated by reference herein in
their entirety.

The invention claimed is:

1. An image forming apparatus comprising:

adeveloping unit detachably attached to the image forming
apparatus, the developing unit containing a developer;

a first member that includes a first electrode and is rotatable
around a rotation axis in the developing unit;

a second member that moves around the rotation axis in the
developing unit, wherein when the second member
rotates, the first member temporarily stops;

a second electrode provided on an exterior of the develop-
ing unit;

an output section that detects an electrostatic capacitance
between the first electrode and the second electrode, and
outputs data on the detected electrostatic capacitance;
and

a determining section that determines an amount of devel-
oper in the developing unit based on the data output from
the output section.

2. The image forming apparatus according to claim 1,
wherein the first member follows rotational movement of the
second member until the first member freely falls by its own
weight.

3. The image forming apparatus according to claim 1,
wherein the second member has a function of agitating the
developer in the developing unit.

4. The image forming apparatus according to claim 1,
wherein the first electrode is provided near a tip of the first
member in a circumferential direction.

5. The image forming apparatus according to claim 1,
wherein the output section includes a setting section that sets
an amplification factor of the data, and an amplification unit
that amplifies the data according to the amplification factor
set by the setting section.

6. The image forming apparatus according to claim 5,
wherein the output section changes the amplification factor of
the data according to a remaining amount of the developer.

7. The image forming apparatus according to claim 5,
wherein the output section changes the amplification factor of
the data when rotation of the first member stops.

8. An image forming apparatus comprising:

adeveloping unit detachably attached to the image forming
apparatus, the developing unit containing a developer;
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a first member that includes a first electrode and moves
around a rotation axis in the developing unit;

a second member that includes a second electrode and is
provided on the rotation axis of the first member with a
predetermined angle with respect to the first member;

a third electrode provided on an exterior of the developing
unit;

an output section that detects electrostatic capacitance
between the first electrode and the third electrode or
between the second electrode and the third electrode,
and outputs data on the detected electrostatic capaci-
tance; and

a determining section that determines an amount of devel-
oper in the developing unit based on the data output from
the output section,

wherein the determining section determines the amount of
developer based on a difference between a time when the
output section detects electrostatic capacitance between
the first electrode and the third electrode and a time when
the output section detects electrostatic capacitance
between the second electrode and the third electrode.

9. The image forming apparatus according to claim 8,
wherein the first member and the second member have flex-
ibility, and

wherein the second member has a greater amount of
deflection than the first member.

10. The image forming apparatus according to claim 9,
wherein the first electrode is provided at a tip of the first
member in a circumferential direction perpendicular to the
rotation axis, and

wherein the second electrode is provided at a tip of the
second member in the circumferential direction.

11. The image forming apparatus according to claim 9,
wherein the first electrode is provided on a side of the rotation
axis of the first member in a circumferential direction perpen-
dicular to the rotation axis, and

wherein the second electrode is provided at a tip of the
second member in the circumferential direction.

12. The image forming apparatus according to claim 8,
wherein the second member has flexibility, and the second
electrode is provided at a tip of the second member in a
circumferential direction perpendicular to the rotation axis,
and

the first member comprises the first electrode, has higher
rigidity than the second member, and has a function of
agitating the developer.

13. An image forming apparatus comprising:

a developing unit detachably attached to the image forming
apparatus, the developing unit containing a developer;

a first member that includes a first electrode and moves
around a rotation axis in the developing unit;

a second member that includes a second electrode and is
provided on the rotation axis of the first member with a
predetermined angle with respect to the first member;

a third electrode provided on an exterior of the developing
unit;

an output section that detects electrostatic capacitance
between the first electrode and the third electrode or
between the second electrode and the third electrode,
and outputs data on the detected electrostatic capaci-
tance; and

a determining section that determines an amount of devel-
oper in the developing unit based on the data output from
the output section,

wherein the determining section determines the amount of
developer based on a difference between data on elec-
trostatic capacitance between the first electrode and the
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third electrode output from the output section and data
on electrostatic capacitance between the second elec-
trode and the third electrode output from the output
section.

14. The image forming apparatus according to claim 13,
wherein the first member and the second member have flex-
ibility, and

wherein the second member has a greater amount of

deflection than the first member.

15. The image forming apparatus according to claim 14,
wherein the first electrode is provided at a tip of the first
member in a circumferential direction perpendicular to the
rotation axis, and

wherein the second electrode is provided at a tip of the

second member in the circumferential direction.

16. The image forming apparatus according to claim 14,
wherein the first electrode is provided on a side of the rotation
axis of the first member in a circumferential direction perpen-
dicular to the rotation axis, and

wherein the second electrode is provided at a tip of the

second member in the circumferential direction.

17. The image forming apparatus according to claim 13,
wherein the second member has flexibility, and the second
electrode is provided at a tip of the second member in a
circumferential direction perpendicular to the rotation axis,
and

wherein the first member comprises the first electrode, has

higher rigidity than the second member, and has a func-
tion of agitating the developer.
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